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Abstract
Background: Airway complications are among the most challenging problems after lung transplantation, and Self-
Expandable Metallic Stents (SEMS) are used to treat airway complications such as stenosis or malacia at the
bronchial anastomosis sites. Several transplantation centers are reluctant to use SEMS since their removal is
sometimes needed and usually requires the use of rigid bronchoscopy under general anesthesia. The objective of
the current report is to describe our experience in SEMS retrieval by flexible bronchoscopy under conscious
sedation.
Methods: A retrospective review was done of patients requiring tracheobronchial stent placement after lung
transplantation in which the SEMS had to be removed. The retrieval procedure was done by flexible bronchoscopy
on a day-care ambulatory basis.
Results: Between January 2004 and January 2010, out of 305 lung transplantation patients, 24 (7.8%) underwent
SEMS placement. Indications included bronchial stenosis in 20 and bronchomalacia in 4. In six patients (25%) the
SEMS had to be removed due to excessive granulation tissue formation and stent obstruction. The average time
from SEMS placement to retrieval was 30 months (range 16-48 months). The stent was completely removed in five
patients and partially removed in one patient; no major complications were encountered, and all patients were
discharged within 3 hours of the procedure. In all procedures, new SEMS was successfully re-inserted thereafter.
Conclusions: The retrieval of SEMS in patients that underwent lung transplantation can be effectively and safely
done under conscious sedation using flexible bronchoscopy on a day-care basis, this observation should
encourage increasing usage of SEMS in highly selected patients.
Introduction
Airway complications are a significant source of morbid-
ity and mortality among lung transplantation patients.
The reported incidence of airway complications follow-
ing lung transplantation varies widely from 1.6% to 33%
according to different reports [1-6]. Self-Expandable
Metallic Tracheobronchial Stents (SEMS) are inserted
with increasing frequency in patients that underwent
lung transplantation and developed airway complications
such as anastomotic dehiscence, excessive refractory
granulation tissue formation and stenosis at the bron-
chial anastomosis [5-8]. The main advantage of SEMS is
the ease of their placement, a procedure that usually can
be performed using flexible bronchoscope under con-
scious sedation. Another significant advantage is the low
incidence of stent migration. The major complication of
SEMS is the obstruction of the stent by excessive granu-
lation tissue [6-8]. The granulation tissue can usually be
treated by various endoscopic modalities such as
mechanical detriment and laser photoresection, but
occasionally stent removal is mandatory. Fracture of the
stent wires may rarely occur and also requires removal
of the stent. The endoscopic retrieval of SEMS is techni-
cally demanding, and unfortunately, is reported to be
associated with significant complications (retained stent,
mucosal tear, bleeding, reobstruction, and pneu-
mothorax) [9,10]. In contrast to silicone stents that can
be relatively easily removed by pulling, the removal of
SEMS usually requires the use of rigid bronchoscopy
and optical forceps since the stent is embedded within
the bronchial wall. A major disadvantage of using rigid
bronchoscopy is the need for general anesthesia, that
may discourage lung transplantation centers from using
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anesthetic risk patients [11-13].
We wish to describe our experience in removing
SEMS deployed in patients that underwent lung trans-
plantation under conscious sedation using flexible
bronchoscopy based techniques without the need for
rigid bronchoscopy.
Subjects and methods
We retrospectively analyzed the clinical course of all
lung transplant recipient from January 2004 until Janu-
ary 2009 at the Rabin Medical Center, a tertiary-care
medical center with an average volume of 50 lung trans-
plantation per year. Airway complications, indications
for treatment with SEMS, and indications for removal
were analyzed. Institutional review board approval was
obtained, but specific informed consent was not
required for this retrospective study. Informed consent
for each bronchoscopy was obtained prior to the proce-
dure. The routine protocol for Immunosuppression in
our institute includes tacrolimus, mycophenolate mofetil
and glucocorticoids.
The SEMS used were SMART nitinol stent, (Cordis,
Miami, FL, USA), Wallstent (Boston Scientific Corp;
Natick, MA, USA), or LUMINEX (BARD; Germany).
Before retrieval of the SEMS each patient underwent a
standard pre-operative assessment, including physical
examination, routine laboratory tests, spirometry, and
chest radiography and computed tomography of the
chest. Before the decision to extract the SEMS was
made previous techniques to manage restenosis and
granulation tissue formation were attempted in all
patients that included mechanical debridement and Nd:
YAG Laser photoresection (SHARPLAN-3000,
SHRPLAN Lasers)
All bronchoscopic retrieval procedures were done on
an ambulatory day-care settin g .T op r o v i d ea n a l g e s i a
and sedation, midazolam (1-10 mg) and alfentanyl (0.5-
1.5 mg) were administrated. If deemed necessary, sup-
plemental doses of propofol (20 mg) were administered
at an interval of 2-5 minutes.The procedures were car-
ried out with supplemental O2 through nasal cannula.
In all procedures, bronchoscopy was performed using a
large working channel bronchoscope (Olympus Excera;
BF-1TQ180 II video endoscope, Olympus, Tokyo,
Japan). Standard biopsy forceps were used to carefully
dissect the stent from the airway wall. Next, the proxi-
mal portion of the stent was grasped and steady traction
was applied until the entire stent, or part of the stent
was removed (See figure 1). This approach was repeated
if necessary until all stent fragments were removed. Fol-
lowing removal of the stent the entire airway lumen was
assesed for bleeding and other complications such as
mucosal tear and retained secretions. All patients were
observed for two hours and discharged following chest-
x-ray.
Results
Over 5-year period, 305 lung transplantations were per-
formed at our institute. Out of these patients, 24 (7.8%)
had underwent uncovered SEMS placement. The types
of SEMS used were Wallstent (Boston Scientific),
SMART (Cordis Johnson & Johnson), and LUMINEX
(BARD). Indications included bronchial stenosis in 20,
and bronchomalacia in the remaining 4 patients. The
overall granulation tissue formation rate mandating
treatment to prevent re-stenosis was 65%. We noted no
differences between SEMS types with respect to the
complications associated with them and the resulting
indication for removal. In Six patients (25%) the SEMS
had to be removed due to excessive granulation tissue
formation. Patient’s demographic and clinical character-
istics are presented on Table 1. The average age was
60.2 years, and the average time from SEMS placement
to retrieval was 30 months (range 16-48 months). The
indication for removal of the stent was excessive granu-
lation formation and refractory stenosis of the bronchial
lumen. All retrieval procedures were done by flexible
bronchoscopy under moderate sedation via the trans-
oral approach using a bite-block. The average procedure
time was 25 minutes (range 12-65 minutes). In 2 cases
(cases # 1 and # 3) endotracheal tube was inserted elec-
tively to facilitate the oral removal of the stent by the
flexible bronchoscope forceps.
All patients had successful endoscopic extraction of
the stents. In a single patient-(case # 2), small retained
pieces of the stent could not be removed although they
did not disturb airway patency. In all procedures, a new
SEMS was successfully re-inserted following removal of
the previous stent. Upon a follow up period (median
14 months), apart from granulation tissue formation
that mandated repeated Nd:YAG Laser photoresection,
there was no need to extract the newly positioned
SEMS. Complications of stent removal were uncommon
and included, mild mucosal bleeding. No patient devel-
oped pneumothorax or pneumomediastinum. No patient
needed mechanical ventilation or hospitalization follow-
ing the procedure, and all patients were discharged
within 3 hours of the procedure.
Discussion
The incidence of airway complications mandating SEMS
placement in our series (7.6%) is similar to that pre-
viously reported by several transplantation centers [1-5].
In lung transplantation patients, SEMS are used to treat
various airway complications ranging from anastomotic
and non-anstomotic bronchial stenosis, and dehiscence
[5-8]. Granulation tissue formation is common following
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placed for other benign conditions. This complication
often requires repetitive interventions to treat granulo-
mas and sometimes require stent removal. The inci-
dence of stent related complications mandating removal
in the current series (25%) is lower than that reported
the retrieval of metallic stents is sometimes complicated
and several authors suggest that it should be accom-
plished only by rigid bronchoscopy [9-13]. A major dis-
advantage in the use of rigid bronchoscopy is the need
for general anesthesia. In the current series although
uncuffed endo-tracheal tube was inserted in 2 cases to
facilitate orotracheal removal of the SEMS, no general
anesthesia was used and the patients were spontaneously
breathing under conscious sedition throughout the
entire procedure. We noted no differences between the
SEMS types and the ease of their removal. Similarly, we
noted no significant differences in retrieval success
between SEMS that had been placed several months ear-
lier and those that had been recently placed and needed
to be removed.
Several previous reports addressed the issue of endo-
scopic removal of SEMS. Unfortunately most studies
have addressed the issue of SEMS extraction in malig-
nant patients or in other benign conditions and not in
lung transplantation patients. The largest series to date
is by Lunn et al [12] that describes their experience in
retrieval of 30 SEMS using rigid bronchoscopy. How-
ever, none of these patients had undergone lung trans-
plantation. Noppen and colleagues [13] describe their
experience in removal of 10 SEMS in patients with
benign airway disorders. In that series removal of the
stent was also performed with rigid bronchoscopey in a
fully equipped operating theater under total IV anesthe-
sia. Similar to the previous series by Lunn et al [12]
none of the subjects was a lung transplant patient. The
experience of removal of SEMS placed in patients that
underwent lung transplantation is very limited. Sonnets
at al. [14] described a case report of a patient that
underwent removal of a SEMS in a patient that under-
went double lung transplantation and developed bron-
chial stenosis. Mughal et al [15] described 2 lung
transplant patients that underwent flexible broncho-
scopic removal of SEMS under conscious sedation
placed for bronchial dehiscence. The major difference is
that in that report the median time from stent
Figure 1 A representative figure of stent removal in patient #
4 in whom biopsy forceps are applied during retrieval of 12 ×
40 mm Self-Expandable Metallic Stent from the right main
stem bronchus. The patient had underwent lung transplantation
for idiopathic pulmonary fibrosis.
Table 1 Demographic and Clinical characteristics of the study patients
# Gender/
age
Indication
for lung
Tx
FEV1
before
SEMS
Placement
FEV1
after
SEMS
placement
SEMS type location
and size (mm)
Interval from lung
Tx to SEMS
insertion
(months)
Interval from
insertion to retrieval
(months)
Outcome
1 M/64 IPF 45% 58% Wallstent; RMSB
12/40
6 m 16 m Complete removal/
replacement with new SEMS
2 M/62 IPF 43% 66% Wallstent; LMSB
12/40
1 m 18 m Partial removal/replacement
with new SEMS
3 F/46 LAM 53% 71% Wallstent; LMSB 12/
40
5 m 48 m Complete removal/
replacement with new SEMS
4 M/64 IPF 66% 71% Wallstent; RMSB
12/40
5 m 33 m Complete removal/
replacement with new SEMS
5 M/70 COPD 56% 78% Luminex; LMSB 35/9 2 m 39 m Complete removal/
replacement with new SEMS
6 M/57 COPD 68% 72% Smart; RMSB 14/40 13 m 24 m Complete removal/
replacement with new SEMS
Abbreviations: FEV1: Forced expiratory volume in first second percent of predicted; RMSB: right main stem bronchus;LMSB: left main stem bronchus; LAM:
lymphangioleiomyomatosis; IPF: Idiopathic pulmonary fibrosis; COPD: Chronic obstructive pulmonary disease; Lung Tx: lung transplantation
Fruchter et al. Journal of Cardiothoracic Surgery 2010, 5:72
http://www.cardiothoracicsurgery.org/content/5/1/72
Page 3 of 4placement to removal was short (37 days) as the SEMS
were used as a temporary measure to treat bronchial
dehiscence.
To the best of our knowledge, our study is the largest
to date to describe the endoscopic removal of SEMS
placed in patients that underwent lung transplantaion. It
is unique in several aspects. First, we chose not to use
rigid bronchoscopy in this particular group of patientsto
obviate the need for general anesthesia. In all cases the
procedure was accomplished under moderate sedation
on an ambulatory day-care basis which has proved to be
a cost-effective intervention obviating the need for a
costly operating theater and hospitalization [16]. General
anesthesia may be problematic in lung transplantation
patients with compromised airways and performance of
the procedure under spontaneous ventilation was proved
to be safe. Additional difference of the current report is
that the median period between stent placement and
removal in our series is significantly longer than that
reported previously. Lunn et al. [12] has shown that the
rate of complications during stent removal is directly
related to the time the stent has been in place. The
longer the stent is situated in the airway it tends to
adhere to the bronchial wall making its removal theore-
tically more difficult. In the current series we noted no
such trend for increased complications rate proportional
to the time the stent has been in place.
Whereas a previous report have suggested that the use
of SEMS in lung transplantation patients should be
restricted to a minimum due to excessive granulation
tissue formation [9], we [17] have noted that lung trans-
plantation patients tend to develop less granulation tis-
sue than other patients. We speculate that the use of
immunosuppressive agents in these patients may reduce
the formation of granulation tissue formation compared
to non-transplanted patients with stents.
Our experience as has been described in the current
series is encouraging since it highlights the reversibility
of SEMS placement. We believe that his observation
should encourage increasing usage of SEMS in these
patients in whom airway complications are common
and are a major cause for post transplantation morbid-
ity. However, given the high complications rate in their
removal as reported by previous authors [9-14], their
use however must be very cautious and as the last
resource.
The practical implication of the current report is that
SEMS can be used more liberally in highly selected lung
transplantation patients since their removal, if found to
be necessary, could be safely and effectively accom-
plished using flexible bronchoscopy under conscious
sedation on a day-care basis.
Authors’ contributions
OF: Participated in the design of the study and performed the Clinical work.
YR: Participated in the design of the study and performed the Clinical work,
BF: the Clinical work. MK: Participated in the design of the study and
performed the Clinical work. All authors read and approved the final
manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 23 May 2010 Accepted: 12 September 2010
Published: 12 September 2010
References
1. Samano MN, Minamoto H, Junqueira JJ, Yamaçake KG, Gomes HA,
Mariani AW, Pêgo-Fernandes PM, Jatene FB: Bronchial complications
following lung transplantation. Transplant Proc 2009, 41:921-6.
2. Thistlethwaite PA, Yung G, Kemp A, Osbourne S, Jamieson SW, Channick C,
Harrell J: Airway stenoses after lung transplantation: incidence,
management, and outcome. J Thorac Cardiovasc Surg 2008, 136:1569-75.
3. Weder W, Inci I, Korom S, Kestenholz PB, Hillinger S, Eich C, Irani S,
Lardinois D: Airway complications after lung transplantation: risk factors,
prevention and outcome. Eur J Cardiothorac Surg 2009, 35:293-8.
4. Moreno P, Alvarez A, Algar FJ, Cano JR, Espinosa D, Cerezo F, Baamonde C,
Salvatierra A: Incidence, management and clinical outcomes of patients
with airway complications following lung transplantation. Eur J
Cardiothorac Surg 2008, 34:1198-205.
5. Santacruz JF, Mehta AC: Airway complications and management after
lung transplantation: ischemia, dehiscence, and stenosis. Proc Am Thorac
Soc 2009, 15;6:79-93.
6. Mulligan MS: Endoscopic management of airway complications after
lung transplantation. Chest Surg Clin N Am 2001, 11:907-15.
7. Saad CP, Ghamande SA, Minai OA, Murthy S, Pettersson G, DeCamp M,
Mehta AC: The role of self-expandable metallic stents for the treatment
of airway complications after lung transplantation. Transplantation 2003,
15(75):1532-8.
8. Dooms C, De Keukeleire T, Janssens A, Carron K: Performance of fully
covered self-expanding metallic stents in benign airway strictures.
Respiration 2009, 77:420-6.
9. Gottlieb J, Fuehner T, Dierich M, Wiesner O, Simon AR, Welte T: Are
metallic stents really safe? A long term analysis in lung transplant
recipients. Eur Respir J 2009, 14.
10. Murthy SC, Gildea TR, Mehta AC: Removal of self-expandable metallic
stents: is it possible? Semin Respir Crit Care Med 2004, 25:381-5.
11. Rampey AM, Silvestri GA, Gillespie MB: Combined endoscopic and open
approach to the removal of expandable metallic tracheal stents. Arch
Otolaryngol Head Neck Surg 2007, 133:37-41.
12. Lunn W, Feller-Kopman D, Wahidi M, Ashiku S, Thurer R, Ernst A:
Endoscopic removal of metallic airway stents. Chest 2005, 127:2106-12.
13. Noppen M, Stratakos G, D’Haese J, Meysman M, Vinken W: Removal of
covered self-expandable metallic airway stents in benign disorders:
indications, technique, and outcomes. Chest 2005, 127:482-7.
14. Sonett JR, Conte JV, Orens J, Krasna M: Removal and repositioning of
“permanent” expandable wire stents in bronchial airway stenosis after
lung transplantation. J Heart Lung Transplant 1998, 17:328-30.
15. Mughal MM, Gildea TR, Murthy S, Pettersson G, DeCamp M, Mehta AC:
Short-term deployment of self-expanding metallic stents facilitates
healing of bronchial dehiscence. Am J Respir Crit Care Med 2005,
15(172):768-71.
16. Chhajed PN, Wallner J, Stolz D, Baty F, Strobel W, Brutsche MH, Tamm M:
Sedative drug requirements during flexible bronchoscopy. Respiration
2005, 72:617-21.
17. Shlomi D, Peled N, Shitrit D, Bendayan D, Amital A, Kramer MR: Protective
effect of immunosuppression on granulation tissue formation in metallic
airway stents. Laryngoscope 2008, 118:1383-8.
doi:10.1186/1749-8090-5-72
Cite this article as: Fruchter et al.: Removal of metallic tracheobronchial
stents in lung transplantation with flexible bronchoscopy. Journal of
Cardiothoracic Surgery 2010 5:72.
Fruchter et al. Journal of Cardiothoracic Surgery 2010, 5:72
http://www.cardiothoracicsurgery.org/content/5/1/72
Page 4 of 4